Prospective population-based surveillance to assess the epidemiology of invasive pneumococcal disease (IPD) in hematopoietic stem cell transplant (HSCT) patients is limited and a comparison to the general population is lacking. By using a population-based Invasive Bacterial Diseases Network surveillance program, we studied the incidence, clinical significance, serotypes and antimicrobial resistance of IPD in a large cohort of adult HSCT patients and the general population. Streptococcus pneumoniae isolates and patient data were collected prospectively from 1995 to 2004. We identified 14 cases of IPD (based on sterile site isolates) in our HSCT population over a 10-year period. This translated to an incidence rate of 347 infections per 100 000 persons per year. This compared to an incidence of 11.5 per 100 000 persons per year in the general population (regression ratio ¼ 30.2; 95% confidence interval (CI) 17.8-50.8, Po0.00001). If nonsterile site isolates (respiratory tract) were included, the incidence rate in transplant patients was 446 per 100 000 persons per year. Serotypes 23F and 6B were most common; 100 and 69.2% of isolates were a serotype included in the pneumococcal polysaccharide and conjugate vaccines, respectively. The antimicrobial resistance rates were high, especially for trimethoprim/ sulfamethoxazole. HSCT recipients are at significantly greater risk for IPD than the general population. Preventative strategies are necessary.
Introduction
Disease due to Streptococcus pneumoniae (pneumococcus), such as bacteremia, pneumonia and meningitis, is a major cause of morbidity and mortality in the general population and may pose a greater risk to immunosuppressed persons. Previous studies have reported a significantly high incidence of invasive pneumococcal disease (IPD) in hematopoietic stem cell transplant (HSCT) recipients. A European multicenter survey estimated the incidence to be 5.97 per 1000 transplantations. 1 Incidence is also significantly increased in the presence of GVHD and allogeneic transplants appear to be at greater risk than autologous SCT. 2, 3 The incidence of late infections (as defined as X100 days post-SCT) also appears to be greater than early invasive pneumococcal infections. The American Committee on Immunization Practices and Centers for Disease Control recommend two doses of pneumococcal polysaccharide vaccine at 12 and 24 months post transplant for adult HSCT recipients. 4, 5 In addition, the European Bone Marrow Transplant group has recommended a single dose of polysaccharide vaccine at 12 months post transplant and suggested following pneumococcal serology to determine protection if chronic GVHD exists. 6 Although data on incidence of infections exist, there have been no studies that quantify the risk as compared to the general population.
The Toronto Invasive Bacterial Diseases Network (TIBDN) is a prospective study of bacterial infectious diseases epidemiology serving a large geographic area, which includes prospective data on bacterial infections occurring in all HSCT patients living in the geographic area captured by the TIBDN. The primary objective of this study was to prospectively determine the incidence of IPD in a population of adult HSCT recipients over a period of 10 years. We evaluated the clinical impact, serotypes and antimicrobial resistance patterns of IPD and compared this to the general population in the same geographic area.
Methods

Population-based surveillance
Pneumococcal isolates were collected from 1 January 1995 to 31 December 2004 through the TIBDN. The TIBDN has conducted prospective, population-based surveillance of IPD in metropolitan Toronto and the adjacent regional municipality of Peel, in Ontario, Canada (population, 5 million), since 1 January 1995. The surveillance network includes all microbiology laboratories in hospitals to which residents of the population area may be admitted and consists of 25 licensed microbiology laboratories that serve 27 hospitals, long-term care facilities and outpatient offices. Personnel from these laboratories telephone the central TIBDN study office at the Mount Sinai Hospital in Toronto whenever S. pneumoniae is isolated from a sterile site specimen. For each case, initial demographic data and the pneumococcal isolate are forwarded to the central TIBDN study office. Additional clinical data, including patient comorbidities, clinical course and outcome, antimicrobial therapy in the 3 months before presentation and outpatient therapy for the current episode before the blood sample was obtained for culture, are acquired by chart review, patient interview and by contacting the patient's attending physicians. Annual audits are conducted in each laboratory to ensure complete reporting. Surveillance and associated studies are approved by the research ethics boards of all participating institutions. This surveillance network encompasses the geographic catchment area for the transplant patient population that was included in this study.
Transplant population
Adult HSCT recipients (age X18) living in the catchment area for TIBDN are followed at the Princess Margaret Hospital, Toronto, Canada. Trimethoprim-sulfamethoxazole (TMP/SMX) prophylaxis for Pneumocystis jiroveci (one double-strength tablet three times per week) was used in all patients unless a specific contraindication such as allergy was present. Pneumococcal polysaccharide vaccine is routinely recommended to all transplant recipients at 12 and 24 months post transplant. A comprehensive database of HSCT recipients that includes information such as demographics, dates of transplant, allograft failure and death is maintained and updated every 3 months. This database was used for calculation of disease incidence and analysis of variables contributing to IPD.
Definitions IPD was defined as isolation of S. pneumoniae from a sterile body fluid with a compatible clinical syndrome. Sterile sites included blood, cerebrospinal fluid, peritoneal fluid, pleural fluid or needle aspiration of a collection. Sputum or bronchoalveolar lavage (BAL) isolates are not considered sterile site isolates and therefore were not included in the estimate of confirmed IPD. 7 Nonbacteremic pneumococcal pneumonia was defined as: (1) a clinical presentation including symptoms (cough, sputum and fever) and physical findings consistent with pneumonia; (2) an infiltrate on chest radiograph; (3) microscopic examination of a Gram-stained sputum showing X20 WBC per highpower field and a predominance of Gram-positive cocci in pairs or chains and a sputum culture that grows only S. pneumoniae and (4) no positive blood cultures for S. pneumoniae. 8 All patients with a pneumococcal infection were followed for 30 days from the onset of illness and the following variables were assessed: clinical symptoms, length of hospitalization, 7 day and 30 day mortality. Early or late IPD was defined as that occurring at o100 days or X100 days post transplant, respectively. All isolates were serotyped by the quellung reaction at the National Center for Streptococcus, Edmonton, Canada using commercial anti-sera (Statens Seruminstitut, Copenhagen, Denmark; http://www.provlab.ab.ca/ncs/ncs.htm) and underwent antimicrobial susceptibility testing by broth microdilution to CLSI (Clinical and Laboratory Standards Institute) standard. 9 Susceptible and nonsusceptible (intermediate or resistant) isolates were defined as per the breakpoints set by CLSI methods. 10 
Statistical methods
All patients were included in the analysis. Incidence, antimicrobial susceptibility rates and serotypes were compared between the HSCT and general TIBDN population by using a w 2 -test. Factors contributing to IPD in allogeneic HSCT were compared between patients with IPD and those without by Fisher's exact test. All statistical analysis was done using SPSS version 13.0 (SPSS Inc., Chicago, IL, USA).
Results
Incidence
There were 1238 adult HSCT recipients residing in the TIBDN surveillance area during the study period including both allogeneic (n ¼ 431) and autologous (n ¼ 807) transplant recipients. Taking into account the time of transplant, graft-failures and deaths, this translated into 4037 total person years of follow-up in the transplant population (that is, total at-risk population years). Median follow-up period for the transplant population was 847 days. There were 14 cases of identified invasive pneumococcal infection (crude incidence of 14 per 4036 person years). Based on the number of at-risk individuals, the incidence was calculated as 347 per 100 000 transplanted patients per year or 11.3 per 1000 transplants. Specific incidences for allogeneic and autologous HSCT were 590 and 199 per 100 000 transplanted patients per year, respectively (P ¼ 0.076).
Incidence was compared to the adult population followed by TIBDN during the same time period. During the 10-year period of active surveillance, 4073 episodes of IPD were detected, for an overall incidence of 11.5 cases per 100 000 population per year. No clear trends were detected in the incidence over time. The annual incidence in the general population did not vary significantly over the study period. Compared to the general population, the HSCT population had a 30.2-fold (95% confidence interval (CI) 17.8-50.8; Po0.00001) greater incidence of IPD.
Clinical characteristics
The baseline characteristics of the 14 cases of IPD in adult HSCT recipients are shown in Table 1 . There were nine allogeneic and five autologous transplant patients with IPD over the 10-year period. Median time to presentation was In those that had undergone allogeneic transplant, chronic GVHD, prior receipt of total body irradiation, and transplant subtype (peripheral blood vs bone marrow) were analyzed as potential risk factors for development of IPD. These factors were compared to all allogeneic transplant patients residing in the TIBDN area during the study period. The presence of chronic GVHD was the only significant factor in those that developed IPD compared to the remainder of the allogeneic transplant population (77.8 vs 41.3%, respectively, P ¼ 0.045). Total body irradiation irrespective of dose (66.7 vs 72.6%, P ¼ 0.70) and transplant subtype (22.2 vs 32.1%, P ¼ 0.72) was not a significant factor. Clinical presentations and outcomes are shown in Table 2 . All patients had bacteremia and the majority also had pneumonia (n ¼ 10). Two patients (2 of 14; 14.3%) died during hospitalization; both deaths were attributable to IPD. In patients of the same age range (18-65 years of age), the 30-day mortality was 10.3% (P ¼ 0.64 compared to mortality in transplant patients) and the in-hospital mortality was 12.2%.
In HSCT patients, the rate of vaccination with the 23-valent pneumococcal polysaccharide vaccine prior to the onset of IPD was 21.4% (3 of 14) . Of the three patients who had previously ever been vaccinated, all had been vaccinated within the past 5 years. The remaining 11 of 14 (78.6%) patients had never been vaccinated although 4 of these patients did receive vaccine once they recovered from the IPD episode. IPD occurred at a mean of 10.5±9.4 months (range 0.5-19.1 months) post-vaccination. Serotyping was available for 13 of 14 subjects. The most frequent serotypes were 23F (3 of 13, 23.1%), 6B (3 of 13, 23.1%) and 9V (2 of 13, 15.4%). The remainder of the patients had one of the following serotypes: 4, 7F, 18C, 19A and 22F. Transplant patients (9 of 13, 69.2%) had disease due to a serotype that is included in the 7-valent pneumococcal conjugate vaccine and 13 of 13 (100%) patients had disease due to serotypes covered by the 23-valent pneumococcal polysaccharide vaccine. For IPD, the most frequent serotypes in the general population were 14 (20%), 6B (8.9%), 4 (7.8%), 23F (7.4%), 19F (7.2%) and 3 (7.1%).
Antimicrobial susceptibility
Pneumococcal isolates underwent antibiotic susceptibility testing against penicillin, erythromycin, levofloxacin and TMP/SMX. At the time of their infection 2 of 14 patients were receiving TMP/SMX prophylaxis. The pneumococcal isolate from one of these patients was resistant to TMP/ SMX. The nonsusceptibility rates (tested intermediate or resistant in vitro) were available for 13 of 14 transplant patient isolates and were 7.7% for penicillin, 23.1% for erythromycin, 0% for levofloxacin and 46.2% for TMP/ SMX. Resistance rates of all other sterile site pneumococcal isolates from the TIBDN population for the matched time period and age group are as follows: penicillin (12%, P40.05), erythromycin (11%, P40.05), levofloxacin (0.9%, P40.05 and TMP/SMX (20%, P ¼ 0.03).
Nonsterile site isolates
From April 2002 to the end of the study period, nonsterile site isolates from HSCT recipients were also collected as part of the TIBDN surveillance program. There were four additional patients (two allogeneic and two autologous transplants) identified with nonsterile site isolates of S. pneumoniae, all from the respiratory tract (sputum (n ¼ 3) and BAL (n ¼ 1)). Although all four patients were treated clinically for pneumococcal pneumonia, only three of four met strict TIBDN criteria for nonbacteremic pneumococcal pneumonia. To estimate an upper limit of the incidence of microbiologically proven IPD in the HSCT population, data from sterile site and nonsterile site isolates were combined. The calculated incidence of IPD for all transplants was 446 per 100 000 person-years (721 per 100 000 for allogeneic vs 279 per 100 000 for autologous HSCT).
Discussion
Our study prospectively quantifies the risk over a period of 10 years and directly compares it to the non-HSCT population over the same time period and living in the same geographic area. In our primary analysis (sterile site isolates only), we estimated the incidence of IPD in the HSCT population to be 347 per 100 000 persons per year compared to the general population incidence of 11.5 per 100 000 persons per year. The incidence was highest in allogeneic transplant recipients (590 per 100 000 persons per year), but was higher than the general population for both autologous and allogeneic combined. The higher rate specifically observed in allogeneic transplant recipients may be due to multiple factors including post transplant immunosuppression, immunomodulatory effects of GVHD, impairment of splenic function, as well as the absence of prior vaccination or a suboptimal vaccine response. The incidence in adult HSCT patients is also greater than in solid organ transplant recipients residing in the same geographic region where the relative risk was 12.8 compared to the general population.
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The majority of patients were diagnosed late in their post transplant course. This was also reported by Engelhard et al.
1 in a European survey. Isolation and reduced social interaction early post transplant may protect patients from acquiring virulent pneumococcal strains, while persistent deficits in humoral and cellular immunity later post transplant may increase their risk of illness on exposure to the same strains in the community. Two (14.3%) patients died during the hospitalization for pneumococcal disease and both cases could be directly attributed to IPD. However, this was not significantly different than the in hospital mortality for the TIBDN general population of 19.5%. This is also similar to the published literature where mortality for bacteremic pneumococcal pneumonia is 14-17%. 8, 12, 13 Antimicrobial resistance rates were significantly higher especially to TMP/SMX and this is likely due to the use of TMP/SMX prophylaxis. The routine strategy at our centers is to discontinue TMP/SMX prophylaxis at 1-year post transplant in the absence of GVHD. All of our allogeneic transplant patients were given penicillin prophylaxis after recovery from IPD regardless of the presence of GVHD. Trials for the use of penicillin in adult HSCT patients are lacking; however, this practice may be an extrapolation from the pediatric post-splenectomy literature where pencillin prophylaxis is recommended.
14 Failure of pencillin with breakthrough penicillin-resistant IPD has been described. 15 This is an area that requires further study. Vaccination is another recommended strategy to prevent IPD. [4] [5] [6] Only 21.4% of our patients with IPD had received the pneumococcal vaccine, and vaccination rates are not routinely recorded for our adult HSCT cohort. In a survey of vaccination done in US transplantation centers, 80% of responding centers administered pneumococcal vaccine post-allogeneic transplant. 16 However, only 26% gave more than one dose and 63% gave the first dose within the first year of transplant. In addition, 11 different dosing schedules were reported in the centers surveyed. The low vaccination rate at our center is likely attributable to the lack of a comprehensive pneumococcal vaccination program for transplant patients in our area and our results suggest that all transplant programs should offer vaccination.
Limitations of our study include the fact that only patients who had a positive culture were captured by the TIBDN case-finding process. It is possible that cases of pneumococcal disease were missed because a culture was not done or was negative (for example, if cultures were performed after administration of antimicrobials). Therefore, this study provides a minimal estimate of the risk of IPD and the actual risk may be greater. We also did not have information available as to whether immunoglobulin levels or the presence of children in the household were risk factors in this population for development of IPD. This study only provides data for adults and did not include pediatric HSCT patients. Strengths of our study include the use of a large prospective multiyear database to capture detailed information on IPD both in the transplant and general population. This allowed accurate comparison of incidence, serotypes and antimicrobial resistance rates with the general population residing in the same geographic area.
In summary, we have estimated the incidence of pneumococcal disease in HSCT recipients to be significantly greater than in the general population. Disease contributes to morbidity and mortality. There are greater rates of resistance to TMP/SMX than in the general population and serotypes 23F and 6B appear to predominate. The development of more comprehensive and optimal vaccination strategies is needed to decrease the risk of invasive disease. Dr Kumar had full access to all of the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis.
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